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FLIGHT DETERMINATION OF DRAG OF NORMAL-SHOCK NOSE INLETS WITH VARIOUS
COWLING PROl?HJIS AT MACH NUIWBERS FROM 0.9TO 1.51

By R. L SEARS,C. F. MERLE-T,and L. W. PUTLAND

SUMMARY

Free-jtight te& were made with normahhock no8e-inIet
nwdela with NACJA l-wri.ee, parabolic, and conic cowling
pro$lm to inve@@e tlwedernal drag clumict%stti ai an angle
of attack of OO. The Mach number mnge of the te@ wm from
0,9 to 1.6, the mu88-@w ra#w wa from 0.7 to 1.0, and the
Rwlde number bawd on body maximumdiameteroariedfrom
5’.6x10° to 6.6x10°. Two relaied nonducted bodia were &o
testedfor comparison purpo8e8.

At@ maximumti rate the inlet modeleh@ about the 8ame
external drag at a Mach number of approximdely 1.1 but ai
higher Mach numbers tlw conic cowling W t?w least dreg.
Blunti~ or bevelingtlw lip of the conic cowling whalekeeping
th$n.enz88 r~w mtant remdtedin a slightly higher dragthan
for the 8harp-lip conic cowling at maximum@w rate, lnd at a
mu.88-jZOwrate of 0.8 the bluni-, beve+?ed-,and dump-lip conic
cowling8and the parabolic cowling all had aboui the 8amedrag.
The higherdrag of the NACA 1–4.9+00 cowling comparedwith
the bluni-lip conic cowling is (Z880Ci&Xi uiih the greaterfuihtx8
back of the inlet.

INTRODUCTION

Because the total-pressure recoveries attainable with
normal-shock nose inlets at Mach numbers up to about 1.4
aro as good ns, or better than, those for other types of inlets,
normal-shock inlets are of real interest for aircraft at low
supersonic speeds. The Pilotless Aircraft Research Division
of the Langley Laboratory has therefore undertaken a pro-
gram to investigate the drag characteristic of normal-shock
nose inlets of various nose geometry. The first phase of
this program is concerned with the effects of nose proiile and
the results are reported herein. A flight technique, diilering
from that previously used for ducted models, was developed
in order to obtain a little information from each of many
models rather than more extensive information about only
a few models.

Two related nonducted bodies were tested for purposes of
comparison with the normal-shock nose-inlet data. Although
the models of the present investigation are all nose-inlet
models, it is expected that many of the results might also be
applicable in the design of scoop inlets.

SYMBOLS

A area, sq ft
A. criticrd area (area at which sonic ve.Iocity will be ob-

tained, awuning one-dimensional isentropic proc-
es9) , Sq ft

c. drag coeflkient,.
D

c,

P
Pt
P:
R
r
t
v
w
x

P–P.
pressure coefficient, ,

- ; pmv.’

drag, lb
accehxation of gravity, 32.2 ft/secf
Mach number
ratio of mass flow of air through the duct to mass

flow of air through a free-tieam tube of area equal
to inlet area

static pressure, lb/sq ft .
total pressure, lb/sq ft
pitot stagnation pressure, lb/sq ft
Reynolds number, based on 7.00-inch body diameter
radius, in.
time, sec
velocity, fps
weight of the model, lb
longitudinal distance, measured from the masimum-

diameter station, positive downstream, in.
ratio of specific heats, 1.40 for air
air density, slugs/cu ft
tight-path angle, deg

Subscripts:

free strefun
1° first minimum-area station
e exit
d external
F . frontal
i inlet, at lip leading edge
int internal
t total
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MODELS

Ducted-nose-inlet models having six ditTerent cowling
shapes were tested as part of the investigation reported herein.
Three models of each cowling shape were tested; each model
had a dMerent flow rate. The only difference in the ex-
ternal geometry of. the three models for each cowling shape
was a slight difference in length, the afterbody being cut off
at the station required to g%e the desired exit area.

Five of the cowlings were of fineness ratio 3 and had an
inlet area 24 percent of the body frontal area. The sixth
cowling was of iineness ratio 2.5 and had an inlet area 16
percent of the body frontal area. T-ivo related nonducted
bodies of revolution were tested-one for each cowling 6ne-
ness ratio investigated.

The general arrangement of the three model configurations
tested for a typical cowling of tinenee.s ratio 3.0 and the
related nonducted body is shown in figure 1. Similar infor-
mation is presented in figure 2 for the cowling models of
fineness ratio 2.5. All models had identical b and after-
body lines.

The afterbody, deiined by a parabolic arc with its vertex
at the maximum-& ameter station, is similar to that used in
the inlet investigation reported in reference 1. The coordi-
nates are listed in table I. All afterbodies were spun on the
same die from 0.09-inch magnesium and finished to a smooth
fair contour and formed the afterportion- of the duct. The
length at v&ich the afterbody was cut off for each flow rate is
shown in figures 1 and 2.

Each model was stabilized by four 60° delta& having a
total exposed area 3.2 times the body frontal area. The
airfoil section was hexagonal and was fabricated from &nch
mriegwsium sheet by beveling the leading and trailing edges.

The nonducted models shown in figures 1 and 2 were related
to the ducted models in that coordinates of the duct lips were
also coordinates of the nonducted bodies. Thus, the non-
ducted forebody was defined by a parabolic arc with its ver-
tex at the maximum diameter and passing through the inlet
lip. Coordinates are listed in table I.

Details of the various cowling shapes tested are shown in
figure 3, and coordinates are given in table I. The external
profles shall be designated by Roman numerals, whereas the
internal configurations shall be referred to by Arabic numbels
Cowling I had the NACA 1-49-300 profle (ref. 2). Cowling
II had a parabolic profile which was obtained by cutting off
at the inlet station the nose of the nonducted body A shown.
at the top of figure 1. The external lip angle was 9.8°.
Cowlings III, IV, and V are called conic because all of cowling
III and the major part of the contour of cowlings IV and V
were defined by a truncated cone. The cone half-angle was
4.9° for cowling III and 4.4° for cowlings IV and V. Cowling
III had sharp lips with an external lip angle of 4.9°. Cowl-
ing IV had n beveled lip of external angle 9.8°; the contour
in the region of the lips was identical ‘with that of the para-
bolic coding II. Cowling V had blunt lips with an external
lip angle of 90°. The contour in the region of the lips was
identical with that of cowling I of the NACA l-series.
Cowling VI had the NACA 140–250 profile.

The external profiles in the region of the lips of the five
cowlings of fineness ratio 3.0 are better compared in fgure 4.

,+--2’” * 3:1,
7.(3Q ]2B7

1 I
Ncndwted modsl A

542

L
COntiguratbn I

35.81 ~

,,..0 —~__ ~ ~

----------- 1
Zw 3.21

-- ——-——--- _ __
—-l-

Ccrdigvotkm 2

~
- _ -_-—----—

2.87
--r

Glrlfigwtkxl 3 k!ax.dlam. station

FIGURE l.—General arrangement of ducted models with cowlings of
fineness ratio 3.0 and related nonducted model. All dimeneious nre
in inches.
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FIG~E 2.—Geneml arrangement of ducted modele with cowiinge of
fineness ratio 2.5 and related nonducted model. All dimensions
are in inches.
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TA13LE I.—EXTERNAL COORDINATES

Nonducted model (from matimum diameter)

hlodol A forebody hIodel B forebody Afterbody L~ -_ ——______ —_________
—.=

I: NACA 1-49-300
1-

Cowling

Cowling

Cbwiing

Cowling

Cowling

Cowling

lhCXIRE

z, in. r, in. z, in. r, in. z, in. r, in. 1
9.V --

+-

---
——— _ ___ ———-—--—-

3.42~_ -—_—-—-—-—-–25. 20
–24. 20
–23. 20
–22. 20
–21. 20
– 20.20
–la 20
–15. 20
–lo. 20
–5. 20

0

0
.27
.53
78

1:02
1.25
1.67
2.23
2.93
3.35
3.50

3.50
3.45
3.34
3.14
284
265
215
1.68
.90

– 29.40
–28, fIO
–28. 40
– 2a 00
-27.00
–26. 00
–20. 00
–16, 00
–lo. 00
–5. 00

0

0

.12

.23

.33

.55

.97
1.88
2.59
3.10
3.40
3.60

0

5.60
10.27
15.87
21.47
24.27
30.80
35.70
42.70

-—- —————-—____ ___
~: Porobolic --

I
____ —-—--—_—-—-—————t 4.9”

3.42 ___— ___~_

IIC: Conic, sharp lip

~: Conic, beveled lip

Normal-shook nose-inlet modele-forebody (from madmum diameter)

cowling I Cowling II

E
cowlingHI

z, in. r, in.

–21. 00 1.71
—10.00 2.65

0 3.50

1 I

=--V: Conic, blunt lip

z, in. r, in. z, in. r, in.

–21. 00
– 20.79
– 20,37
–19, 95
–17. 86
– 14,70
– 10.50
–6. 30

0

1.71
1.90
2.04
2.15
2.52
Z 87
3.19
3.39
3.50

–21. 00
–20. 00

–19. 00
–l& 00
–17. 00
–15. 00
– 10.00
–6. 00

0

1.71
1.88
2.04
219
233
259
3.10
3.40
3.50 “el!I: NACA 1-40-250

Mox. di~m. stotion

3.—DetaiJs of oowling shapea. All dimensions are in inchee1==1 cowling v cowling VI

r, in.
Ccwlirlg profiles

Cmiirq II---- cOvmq m Od ~

cMIrq 1----

0 _— —— —
——— —

_— —

HIL
z, in.

–21. 00
-20.00
–19, 00

0 3
r, in.

1.71
1.88
2.04
3.50

z, in.

1
z, in. r, in.

–21. 00 1.71
–20. 92 1.83
–20. 79 1.90

0 3.50

– 17.60

–17. 40
– 17.24
–17. 06
–16.63
–14 88
–lo. 50
–5. 25

0

1.40
1.57
1.67
1.75
1.91
235
297
3.37
3. So

J-L—-’r_!r?---- 1 Center Iirm

FmuEE 4.—Details of lip shapes of cowlings of fineness ratio 3. All
dimensions are in inches.
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The three arrangements of internal lines in the region of the
inlet designated by the configuration numbers 1,2, and 3 and
used with each cowling shape to regulate the internal air
flow are also shown in iigure 4. For each cowling shape the
internrd contraction ratios used were 1.00, 0.83, and 0.67 for
configurations 1, 2, and 3, respectively. A similar arrange-
ment, using contraction ratios of 1.00, 0.75, and 0.56, was
used for cowling VI which had a smaller inlet area. The
minimum section of all models was a cylindrical section
?4-inch long, and the internal lips of the models with a contrac-
tion ratio less than 1.00 were parabolic from the lip to the
minimum section. No attempt was made to measure total-
pressure recovery. Details of the diffuser shape are not con-
sidered pertinent to this d.rng investigation and are not
presented.

Photographs of the models showing each cowling shape and
nonducted body tested are given in figure 5, and the major
physical characteristics of the models are presented in table
II.

TESTS AND TECEIWQUES

Three models were flown for each normal-shock inlet-
cowhng shape in order to obtain the variation of c= tvith
mJm.. Different rocket motors were used during the course
of the investigation; this fact largely accounts for the different
masimurn Mach numbers to which data were obtained for the
various models. The range of variation of Reynolds number
with Mach number is shown in figure 6 for the models tested.
AU models were flown on a zero-lift trajectory and the data
presented are for an angle of attack of OO.

~-, ..z.-. —.. -,,
1 /=!

,,

I %..

Cowling I: NACA l+PiK300 L–7241O.1

——— __ ._

.— 1

Cowling II: parabolio L–71587.1

-.—- . . . --—-.

—-
r

.

coding III: conic, Sharp lip L-73586.1

(a) General views of ducted models.

I?munn 5.—Photographs of models.

Cavfing IV: Conic, beveled lip L-73636.1

.- — — -— ..~

Cowling V: Conic, blunt lip L-75517.1

Cowling VI: NACA 1-40-250 L-75361.1

(a) Concluded.

FIQURE5.—Continued.
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(b) Nonducted model A on the lnunohor. L-73803.1

Fmunn 6.—Conc1uded.
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TABLE IL—PHYSIC&L CHARACTERISTICS OF THE MODELS

. Inlet eontraotion ra-

D&nation
F~~ey Extarnal ties tested for con-

Forebody profle lip angle, figuratione-
ratio deg

1 2 3

Ckxvling I------------------.----- NACA l+%300------------------------------ 3.0 90 Lo o. S3 (1 67
Cowling 11----------------------- P-bofio ------------------------------------- 3.0 9.8 l.o .s3 .67
Cowling III----------------------- Sharp lipconio,4.9° W-m@e_-_----------_---- 3.0 4.9 Lo .s3 .67
CowHng IV----------------------- Beveled lipconio, 4.4°haW-angle---------------- 3.0 9.8 LO .s3 .67
Cowling V---------------------- -- Blunt lipconic,44° hti-mde------------------ 3.0 90 LO .s3 .67
tiwling W------------------=---- NACA l+&250------------------------------ 25 90 LO .75 .56
Nonduoted model A--------------- PamboHc------------------------------------- 4.2 ______ --- --- ___
Nonduoted model B---------_-_--- PamboEc------------------------------------- 36 ------ --- --- ---

6

5

4

R

3.

2

I

) 12 1.4

l?mmm &-Rnnge of variation of Reynolds number, baced on body
masimumdiameter, with’Mach number for models tested.

In order to facilitate the building and flight testing of
models of many different inlet contows, all butthree of the
modelsw-erebuiltwithouttelemeters. Totaldragcoeilicients
womobttied over theilight lkfachnumber rangefromcom-
pupations based onthe CWDoppler radar velocitymesmre-
ments,theflight pathimlimtedby theNACArnodiiied SCR
584 tracking radar, and wliosonde observations. Correc-
tionswere made for the horizontal component of the wind

T ., . . . . . . . . .

VOIOCltY and Ior Hlght-path curvature. A telemeter was

used with a model (whd.ing II, configuration 3) to measure
the static pressures at the inlet minimum-area station, the “
exit, and at two stations on the afterbody. Telemeter
measurements were also made of three afterbody static
pressures on a second model (cowling VI, configuration 3)
and of the base pressure on nonducted model B.

The internal contour of the model was made so that at
supersonic speeds the inlet was started or choking occurred
at the minimum area just back of the inlet, while the exit
was choked for all cases. The exit area of each ducted model
was made equal to 1.05 times the inlet minimum area in order
that the exit would stay choked to as low a free-stream
lMach number as poesible to permit evaluation of the internal
drag. The duct waa made cylindrical for at least 1.2 exit
diarnetera ahead of the exit to aid in providing uniform static
pressure at the exit. The fairly large contraction of at least
4 to 1 from near the maximum-diameter station to the exit
assured sonic rather than supersonic exit velocities and also
helped in providing uniform total pressure at the exit. The
entering mass flow and the internal drag can, therefore, be
calculated for the Mach number range over which these
choking conditions existed. The method used for making
these calculations is premnted m the appendix.

Figure 7 c.omparea the values of C~,,x, and m/m. calcu-
lated as indicated in the appendix with the values computed
from measurements made with a telemetered model (ccnvl@
II, configuration 3). The good agreement shown is believed
to justify use of the calculated results at Mm ZO.9, although
at subsonic speeds some of the assumptions involved are not
quite fuliilled.

ACCURACYOF DATA

The accuracy of the data is estimated to be within the
following limits:

m/m~, for MO Z1.O ------------------------------------- +0. 01
cD,e,------------------------------------------------- +0. 01
ca--------------------------------------------------- *O. 015
Mm--------------------------------------------------- *o. 01

RESULTS AND DISCUSSION

EFFECTOP AFTEEBODYLENGTH

Because the afterbody length was slightly greater for the
models admitting lesser mass flow-, it is neceswuy to examine
the difference.s in C~,a, associated with differences in model

length. Figure 8 presents measured afterbody pressure
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FIGURE7.— Variation of internal drag coefficient and rnxs-flow ratio
with Mach number for models with telemeter.

coefficients for two ducted models as a function of Mach
number. The static-pressure orifices were located at the
body stations on a longitudinal line that passed midway
between two iins (see fig. 8).

The data of reference 3 indicate that large changes in nose
shape have negligible effect on the pressures over the rear-
ward portion of the body length. It is, therefore, as=umed
that the differences in CP shown in figure 8 are caused pri-
marily by the differences in afterbody length and by the
effects of the esit and of the jet propagating upstream through
the boundary layer at supersonic lMach numbem or through
the subsonic flow field at the exit in the lower range of test
Mach numbers.

Integration of the measured pressures to obtain a pressure
drag coefficient for the portion of each model rearward of
station 34 (where both models had nearly the same pressure
coefficient) gave the same value for each model, within
ACD=O.OO1. The coefficient of skin-friction drag acting on

k-- 21.CO~- 37.43 – -+

i====3iG==4–.I

Onflcs sfolion

o — — — — y —“ -
34.69

$,
~ 3700

.1 /
/ ~ \ ‘

.2 (o)

.7 .8 .9 LO LI 1.2 1.3 L4 1.3

-. I
Onflmstolmn I

I I 34.96
— I

— 39.93

$ ‘i - I

1 .. . I I I 1 I 1 I I~ I (b] I I I I I I 1 J
.L

.7 .8 .9 LO 1.1 1.2 1.3
Mm

(a) Cowling II: parabolio; configuration 3.
(b) Cowling VI: NACA 1-40-260; configuration

FIGURE8.—Variation of pressure coefficient with Maoh
several afterbody stationa for two ducted models. All
are in inches

1.4 15

3.

numbm at
dimwsiona

the incremental surface area of the longer afterbocly is

estimated to be 0.002. by ~erences in CD,CZ1 I.WHd

by varying the length of the afterbody, therefore, are believed
to be sma~ and well within the accuracy of (?D,ezo

BASIC DATA

The curves of external drag for each ductecl model nro
presented in figure 9. The mass-flow ratio associated with
each drag curve is also given. For con&nration 1 with each
cowling the mass-flow ratio was unity at all JMach numbers;
that is, no air was spilled. An increasing amount of oir was
spilled with configurations 2 and 3. The inlebcontraction
ratios of configurations 2 and 3 were too great to permit tlm
inlets to start in the test lMach number range.
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(a) Ckxrling I: NACA 1-49-300.

I?mmm 9.—Variation of estemal drag coefficient and mass-flow ratio with Mauh number for the models
with varioue cowling shapes.
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Configuratbn
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(b) Chding ~: p-bdiC.

I?mum 9.-Contiiued.
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(c)
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(o) CowlingIII: conic, sharp lip.

l&uRR 9.—Contiiued.
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[d) Cowling IV: conic, beveled lip.

Fmmm 9.—Continued.
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(e) Cowling V: conic, blunt lip.

Fmurm 9.—Continued. “
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The curves of totrd drag coefficient as a function of lhhch
number are given in figure 10 for the two nonclucted models.
Base drag coefficient was measured for nonducted model B
only and is rdso shown in figure 10.

EFFECT OF COWLING SHAPE

The d~-coefficient curves at m/mm= 1.0 for the various
normal-shock inlet models with cowlings of fineness ratio
3.0 me shown superimposed in figure 11 for comparison
purposes. Also shown is the curve for the total-minus-base
drag coefficient for solid body model A. The base drag
coefficient of model A w-as obtained by using the measured
bnse preasum coefficient of model B.

Inspection of @e 11 indicates that in the transonic
rrmgo below Mm = 1.1 all the ducted models with cowlings
of fineness ratio 3.0 have about the same drag coefficient.
As the Mach number increases the curves diverge; the sharp-
Iip conic cowling has the least drag and the NTACA l-series
cowling has the greatest drag. Comparison of the drag of
tho three conic cowling models at M=> 1.2 indicates that,
for these cowlings of constamt fineness ratio, beveling or
blunting the lip caused n small increase in drag over that of
the sharp-lip conic cowling. It should be noted, however,
thnt, of the two conic cowlings which were identical except
for lip shape (cowlings IV and V), the blunt-lip conic cowl-
ing had slightly lower drag than the beveled-lip conic cowling.
Thus, it nppears that the effect of lip bluntness on drag is
critically dependent on the manner of blunting the lip.
Because the ATACA l-series coding and the blunt-lip conic
cowling had the same external lines in the region of the
inlet lip, it is apparent that the higher drag of the NACA
l-series cowling is associated with its greater fullness farther
rermwwd.

Tho drag of the pointed nonducted body is greater than
the external drag of all the inlet models in the transonic
range and at AZ.> 1.2 is about equal to that of the cowl-
ing which was defined by the same parabolic arc. At all test
hlach numbers greater than 1.05, the external drag of the
conic-cowling models was less than drag of the solid body
for mass-flow ratios greater than 0.9. The data of reference
4 indicnt e that the solid body is a low-drag conjuration at
supersonic speeds. The lower drags obtained with the conic
cowlings indicnt e therefore that these also must be consid-
ered as low-drag configurations.

The variation of external drag coefficient with mass-flow
ratio at Mm = 1.3 is shown for the various cowlings in figure
12 by cross plotting the data of iigure 9. The increase in
clrag with spillage is tierent for each coding and is greatest
for the conic cowling with sharp lips and least for the NACA

l-series coding I. At m/mm =0.8, the three conic cowlings
and the parabolic cowling all have about the same drag.
The NTACA l-series cowling has the greatest drag at all flow
rates tested because of its high drag at mtium-flovr rate.

The rate of increase of drag coticient with spillage for
the various cowlings is better compared in figure 13 where
the slopes of the curvw of figure 12 and similar ones for
other Mach numbers are shown for each cowling. The slope
of the additive drag curve computed by a.w.ming one-
dimensional flow is also shown as a function of Mach num-
ber. The departure of the curves of figure 13 from the
additive drag curve is caused by the reductions in coding
pressure drag with spillage. The data indicate very little
change in cowling pressure drag with spillage for the sharp-
lip inlet and large reductions for the NACA l-series inlet.
This trend is consistent with previous experiences with lead-
ing-edge suction for wings at angle of attack. Cowling
pressure distributions at several flow rates are shown in
reference 3 for NTACA l-series cowlings.

NACA 140-250 COWLTNG

The models with the NACA 140-250 cowling and the
related nonducted body B were tested for purpose of com-
parison of results with those results reported in reference 1.
These models and those of reference 1 diflered only in fin
geometry and overall length. The flight-test technique for
obtaining the data w-as considerably ditlerent from that,
reported herein. Comparison of the data of figures 9(f)
and 10 with those presented in reference 1 indicates that,
when allowance is made for the differences in flu drag, the
measured drag coefficients of the present tests are essentially
the same as those of refetence 1 for both the ducted and
nonducted models. A comparison of the results for the
ducted models is shown in iigure 14 for several Mach num-
bers. The solid curve is the external drag coe.flicient,
as presented in reference 1, which was extrapolateed to
m/m. =1.0. The points are the mw+w.red values obtained
for coding VI of this investigation. The long dashed curve
was obtained by correcting the data of reference 1 for the
difference in fin-plus-interference drag. The difference in
fin-plus-interference drag was obtained by subtracting the
total-minus-bme drag of nonducted model B from the total-
minus-base drag of the solid body of reference 1.

Comparison of the minimum drag of the NACA 140-250
nose-inlet model with the minimum drag of the A’ACA
149–300 model (cowling I) shows that the subso&c drags
were essentially the same, but, for JWm>l.02, the shorter,
blunter, ATACA 140-250 cowling had the higher drag.

.
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CONCLUSIONS

Models having normal-shock nose inlets with NACA
l-series, parabolic, and conic cowlings have been tested at
free-stream hhch numbers from 0.9 to 1.5 and flow ratio
from 0.7 to 1.0 at an angle of attack of OO. Two related non-
ducted bodies were also tested for comptison purposes.
Within the range of the tests, the following conclusions apply:

1. At the maximum flow rate, the conic, parabolic, and
NACA l-series cowlings all had about the same external drag
at a Mach number of approximately 1.1. At higher Mach

numbers, the drag of the conic cowling was appreciably less
than that of the parabolic or NACA l-series cowlings.

2. Blunting or beveling the lip of the conic cowling while
keeping the cowling fineness ratio constant resulted in drag
coefficients slightly higher than for the sharp-lip conic cowling
at maximum flow rate. At a mass-flow ratio of about 0.8,
the conic cowlings with sharp, blunt, or beveled lips and the
parabolic cowling all give about the same drag. The higher
drag of the NACA 149–300 coding compared with the

blunt-lip conic cowling is associated with its greater fullness
back of the inlet.

3. The sharp-lip conic cowling experienced only small
reductions in wwling pressure drag with air spillage, whereas
the NACA l-series cowling had large reductions. Becauso
of its high drag at mtium flow rate, however, the NACA
l-serie9 cowling gave the greate9t drag at all flow rates of all
the cowlings tested at lMach numbers greater than 1.1.

4. The drag of the conic-cowling models at high mass-flow
rates was less than that of a related parabolic nonducted
model at Mach number greater than 1.05. At Mach num-
ber greater than 1.2, the drag of the parabolic-cowling model
waa about the same aa that of the nonducted model.

LANGLEY &JRONAUTICAL LABORATORY,
NATIONAL ADVISORY CoammIWE FOR AERONAUTICS,

LANGLEY FIELD, VA., ~eptember 8, 196$.



APPENDIX

METHOD USED TO DETERMINE THE DRAG AND MASS-FLOW RATIO FOR NORMAL-SHOCK NOSE INLETS

The total drag was obtained from the CW Doppler radar
and the SCR 584 tracking radar measurements of velocity
and flight path, respectively. Thus,

(Al)

The external drag is defined, in the usual manner, as the
sum of the dragwise component of the aerodynamic pressure
nnd viscous forces acting on the external surface of the body
plus tho dragwise component of the aerod~amic pressure
forces acting on the external contour of the entering stream-
line. Thus, the external drag is obtained by subtracting the
internal drag from the total drag:

D ~t=D,–D,a, (A2)

The internal drag is obtained from the following equation
by applying the momentum equation between the free stream
ahead of the inlet and the duct exit:

Dt.,=Yp.M.2A.–Tpd!.1& –(p.-pm)& (A3)

where the unknowns Me, p., and Am are obtained in the
following manner. Since the exit is assumed to be choked
(i. 0., M,=lOO),

A. Am
()‘“=0”5%p” ‘z -x .

(A4)

where M. is less than .M. necessary to start the irdet, if it
is assumed that Ml= 1.0 and p~,l=p’’,.,

Am= ~~;j~j mAl (A5a)
m

rmd where M. is equal to or greater than Mm necessary to
start the inlet,

A.=A, (A5b)

The mass-flow ratio is

P.A=V. A.
mJm. = .—

p.A,Vm Ai (A6)

Obviously the mass flow and internal drag can be properly
evaluated in the manner indicated only for the range of M.
for which the flow follows the assumed pattern. The mini-
mum Mach number for which the inlet and exit will be
choked depends on the relative size of the minimum area at
the inlet and exit and on the internal losses. The models of
the present investigations were designed to choke at both the
inlet and exit at Mach numbem horn slightly above sonic to
the maximum attained.

One ducted model with pressure instrumentation and tele-
meter was fight tested in order to determine the minimum
Mach number at which the assumed choking conditions m-
isted at the inlet and exit. The measured inlet and exit static
pressures together with the pitot stagnation pressure at the
inlet were used to evaluate the internal drag and mass flow
for this model. The method of reducing these data was the
same as that discussed in reference 1 for ducted-nose-irdet
models with telemeters.

The pressure measurements indicated that the inlet and
exit were choked for values of M. greater than 1.o3 and
1.08, respectively. The data of figure 7, however, show that
the maw flow and internal drag computed according to
equations (A3) to (A6) is in excellent agreement with the
measured values at all supersonic lMach numbers. At
M. =0.9 the computed C~,*., is still in good aggeement
with the measured value and the computed m/mm is about
0.015 greater than that measured. It is, therefore, believed
that the method of calculation gives the correct values of
cD,fnt md m/m. at ~.>1.03. l’or Mach numbers from
0.9 to 1.03, a small error is introduced in the magnitude of
m/m. only.
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